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Skill Learning Assistance for Non-experts Using Tactile Based Guidance in Welding
Francis Hydro Power Turbines
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Fig.1 Overview of the hydro power turbine welding system(
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Table 1 Classification of presented parameters

Arc current

Arc voltage

Wire feed rate

Positioning

Travel speed

Working angle and Push angle
Am collision alert

Notification about approaching
some preset limitation in
positioning

Welding parameters

Robot related parameters
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Fig. 2 Interface for presenting guidance information
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Fig. 3 System flow of the navigation information
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Table 2 Navigation Level and parameter of the angle navigation

Angle Range ~_Parameter | T, T;
[Deg] i ms] | [ms] | [ms]
10 <4, 3 1500 500 250
50<6, <10 2 1000 | 250 | 250
0.1<8, <50 1 500 | 250 | 250
0<3,<0.1 0 0 0 0
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Fig. 4 Correspondence with glove and XYZ axes in proposed
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Fig. 5 Flow of the Phantom Sensation
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Table 3 Navigation Level of the travel speed information

F[N] Speed Range [mm] Navigation Level
0.9 1.0 < 6, 3
0.6 05<46,<1.0 2
0.3 01<4,<05 1
0 0<6,<0.1 0
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Table 4 Navigation Level of the positioning information

FIN] Dlstar[lr;em?ange Navigation Level
09 30<6, 3
06 15<5, <30 2
03 01<6,<15 1
0 0<8,<0.1 0
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Table 5 Navigation Level of the beep sound
Frequency [HZ] DlstarE;eml?ange Navigation Level
880 20< 6, 3
660 1.0 <6, <20 2
440 0.1<68,<1.0 1
0 0<6,<0.1 0
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Fig. 6 Experimental environment
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Table 6 Definition of the welding parameters

Welding parameter Value Tolerances (+)
Arc voltage [V] 12 05[V]
Arc current [A] 260 Regulated
Travel speed [mm/s] 24 15%
Wire feed rate [mm/min] 1040 Regulated
Working angle [Deg] 90 5[Deg]
Push angle [Deg] 10 5 [Deg]
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Table 7 Definition of the rule based on parameter classification

Rule Description

Rule1 IF all parameters are G THEN BQ=E

Rule2 IF two parameters are GAND only oneis LorH
THENBQ=VG

Rule3 IF one parameteris GAND twois L or H

THENBQ=G
Rule4 IF any parameteris VLor VH THEN BQ=A
Rule5 IF all parameters is VL or VH THEN BQ = P
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WITHEERIR BT DR & LT, Table8 |2 43.1 TH T2 L—
inbIGH- B — ROEBQDFIRFRTADFEN L Fig 8 ITHEE X
iz — NZROFERZ =T
Table 8 Result of bead quality based on work history

Before training After training
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Fig. 8 Estimated value of bead geometry based on Multi-linear
Regression Analysis (MRA) model
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